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AFROSOL GENERATING DEVICE AND METHOD OF USE THEREOF

BACKGROUND
f0001) Mmmmdfmmwwm

Acrosols zre gsefal in 8 wide variety of 1p

< Far 4

mnyuemuhmm Medicated serosols inctads
materials that are usefil in the Geatment of respiratory ailments. 1o such
applications, the aerosols may be produced by &b aerosol generator and inhaled
into a patient's fungs. Aerosols are alo used in non-medicinal applications

and B icides and

inchoding, for cxample, dispensing air
paints and bbricazts.

g

[0002) Acrosol generators are known that inctude o beated tube for vaporizing
liquid. For cxampie, coxumanty astigned U.S. Patent No. 3,743,251, which is
incorporated berein by reference in b emirery, dischoses an arvosol generator
inctoding o tube and 3 hester gperabie to ket the mbe to s sufficient rmperatare
to volailize liquid ip te wbe. The volnilized muteria) expands ou of a end of
the cbe gnd admixes with xmbrent ais, Grereby forming ao arrosol.

[0003] As showa in Fig. 1, a0 sereso) generator 21 disclosed in U.S. Patext No.
5,743,251 incides » tabe 23 definicg a capillary sized Guid passage and having
&0 open e 25, A beates 27 s pasitioned adjacem t the tube 23, The heanr 27
s comectod o » poser sTpply 29. The tnhe 23 atso inchudes an inket end 31 o
Mid comamaiestion with & souree 33 of ligquid material. In operation, fiquid o
introdneed it te tbe 23. The heater 27 hears a pertion of the mbe 23 o a
sufficientty high tempersture o volstilize the liguid, The votatilized ourerist
expands out of (e open cod 13 of G tbe, The volstilized material sémixes with
i aiy and condenses o (orm & condemmion scrosol.
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[0004] Other P arasol inchiding a hextrd tohe for vaporizing
liquids to produce 8 don aevosol an o igr
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U.S. Putem Application Nos. 09/956,966 filed Sepermber 21, 2001 and
10/003,437 filed December 6, 2001, and i conwnonly assigned U.S. Patem No.
6,234,167, the & of cach being incorp d berein by refe inits

SUMMARY
(0005} As acrosol generating device that can groduce aerosols baving a desired
particle size from liquids iy provided.
(0006} An i of m seTmol ing device compriscs a liquid source
and a flow passage inciuding an oodet seetton in fluid commentorion with the
liquid source. A heater is disposed o heat liquid in the Bow pastage to produce
vapor. The outtet section is configured to change the velocity of vapor in the flaw
passage soch that the vapor exits the outhet sectian 1 3 comtrofied exit veloeity,
The vapor is admixed with air to produce 82 acrosol aftey exiting the outlet
section.
(0007) Tbe outler sertion of the fiow passage can be configared cides ©
increase, or to decrease, the exit velocity of the vapor. By coanralling the exin
velocity of the vapor, the aerosol geoerning device cap produce serosols baving 8
controtied particte size from varions liquids. The portios of the flow passage
beated by the heater is prefenbly capillary sized. :
(0008] An exemphary embodiment of a mxthad of generating s aerosol
comprises supplying a kiquid © 8 fow pasngr incinding &5 oatiet soction; brating
liquid io the Gow passage t produce 8 vapor; and changing the velocity of the
vapar in the flow parnage b the outies section soch that the vapor exits (e outtet
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secticn & a controiled cxit velocity, The vapor exiting the outlet section i
admixed with air to procuce a0 scrosol with 2 desired particle size.

DRAWINGS
[0009) Figure 1 ilhustrates 30 acvosol generator having & bexted cxpillary passage
acconding to B prior at.
{0010] Figure 2 is a perspective vicw of 20 dimezt of hand-held acrosol

genersting device (inkaler) with the cap removed.

[0011) Figure 3 shows te aczosol generating device of Figure 2 with the cap
installed.

[0012} Figare 4 Sustraes an embodh of an zzTUsol Y ing device.
[0013] Figare § iflustrates an embodiment of the fluid delivery exsembly of the
acrosol generating device.

(o014) Figure 6 {lhestrates s capiliary passage inctoding an outict section having

1 enbarged ional area ing to a first embodi
(0015) Figore 7 iDustrates & capillary passage including an outley section baving
a reduced jonal ares ding to a second

{0016) Figwe 8 illustrazes & cus-picce capillary passage inctading an outet
section acconding to & third embodiment.

[0017) Figure 9 lostrates a one-plece caplliary passage inclnding an outies
secticn scconding to 8 fourth embodiment.

[0012) Figure 10 iliustrates an embodiment of the capiltary passage including
two clectrodes.

{0015 Figure 11 illusirates the relatiouship between the mass mean erodyoamic
dismeser (MMAD) of serosol particles and the toverse of e exia velocity of
vapar used to form scrosols generated from propyleoe glycol.
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shown); 3 Onid delivery assembly 110 inctoding 2 liquid source 106 and a bester
wnit 130; a display 114; & battevy unit 116; & charging jack 118; conro)
electronics 120; ¢ pressere sensor 112; an air inlet 124; a reiease 126 for
detaching the fivid defivery assembly 110 from the acrusol generating device 100;
& manally scuaed giaster activation gwizch 128; an air passage 132 and a
removable mouthpicoe 134. Figure 2 shows the cap 104 removed from the
acrnsol genenating device 100, while Figare 3 shows the cap iostafled.
[0026) The honsing 102, cap 104, and motwhpiece 134 are preferably made of &
potymeric material. These parts may be fabricatnd by plastic injection molding,
o7 by sny other suitable techrique, The housing 102 can be fabricated in 10
L joo that is to bobd by a user.

{0027) Ln a preferred embodiment, the fiuid defivery assembly 110 Is removably
antachable to s portion of the acrosod grnersting device 100 by aoy suitable
attackmens comsiruetion. For cxangite, the (nid delivery assembly 110 can be
astached by a mechanica) connection, sach a3 8 seap-{in ecpagement, o7 by a twist-
@ For example, contacts (oot shown) can be provided in
e 2£ros0) proenting device to make clectrieal contacy with the beater unit 130,
when the fid delivery axsambly 110 i srebed t (e sercsol genersting device.
1 such exbodimerts, the Bnid detivery sssembly 110, which incfodes the weared
camponexes of the sevosed penerating device, cxn be replaced in he vapor

ting device 13 8 uoit. As below, the {iid delivery
assembly |10 cao provide acreaods having » contrafled prticle size.  Differem
fiid defivery assemblies 110 that can provids aerosots having differen
campositions andfor particle sizes cin be interebanged in the acrusol generating
device,
{0028) The finid defivery asscmbly 110 can be replaced aftes tiquid contsined i
the Yiqrid somree 106 has deen comsumed. A fuid defivery asambly 110
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{0020) Figare 12 iltustrates the relationthip between the MMAD of ecrasolized
gpropylens ghycol (PG) and the perceatage of oleyl alechod (OA) in the propytene
glycal.

[0921) Figare 13 iihrstratrs the refatiombip between e MMAD of teroslized
cley! alcohol and the percentage of oleyl alcobol b propylens glyeal.

DETANLED DESCRIFTION
[0022) Ao aczoso) g ing devico is provided. The serosol ting device
can have different constrections and sizes and can be used to produce serosols

[0023] The acrusol generating device can produce acrosols baving controfted
particle sizes, makicg h sulable for different appiicatings. For exanple, for drog
delivery to the toun tung, the desired mass mean serodypamic diamster
(MMAD) of an eerosol depends on the porticn of tie lung to which the azrosol is
desired to be delivered. Geoerally, acrosob having a smaller MMAD are cxpable
of decper kg penetration than tevoscls having a larger MMAD. The acvosol
genaating device can produce serosols having a controfled pasticle size that is
effective to efficiently detiver dmg formmiations to sefected regions of the tung.
(0024) losp diment of the aeras0) gt ing device, ¢ medicated
liquid is fiowed drough » capillary sized flow patsage in which the biquid is
heated to 2 sufficiently bigh tempersture to vaporize the liquid. The vapor exits
the Bow passage and admixes with gas, typically ambient air, to produce an
acrosol, which is iohated by a uses. The sizz of (he aercso] particles thus
produced can be controlled for delivery to a targeted region of the hung.

(0025} Figures 2-4 illustrate an y F ofan scrosa)

device 100. The acrosol geoerating device 100 includes 3 bousing 102; 8
removable protective cap 104, which activares & master on/off switch, (a0t

R 2
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inclodiog s liquid socree conaining the same or a different medicament, and gt
protuces the same o7 a different 2erosol particle size, can then be insulled in e
aerosol generming device.
(0029) Figure $ illustrates & portion of the finid delivery asscably 110, incheding
a liguid source 106 and beater vait 130, Liquid is sepplied from the Tiquid source
106 to the heates uait 130 trough & fow passage 150, X
{0030) The liquid souree 106 comprises a reserveis )52 for conmaining & votume
of liguid 153. 1o a0 cmbodiment, the liquid source 106 bas o tiqnid cepacity o
delivering a sehected munder of doses of a selected volume. For cxample, the
doses cxp be 3 pl dases anxd the resexvolr 152 can be sized to comnin muhiple
dases. Preferably, the lignif sowee can comtein from sboat 10 doses o about S00
doszs, e.g., SOt 250 doses. However, the dose capacity of (e liquid source Is
ot limited and depends on the drsired dose volume, which can be determined by
the desired application of the acrasol geperating device. The liquid cootained in
the Higuid sousce cxn be axry liguid tha cxn be vaporized and aeroselized to e
scrosol generating devise to produce & desired ecrosol. In s prefored
ambodimem, the liquid contxins » tedicamen formmtaed to be inkalod into the
wses's tungs io aevosol farm.
(0031} The Liquid source 106 inctades s flow passage 134, which movides fiuid
from the iv 152 to the flow passage 150. The stvosol

generating device 100 inchudes 21 trant ane valve dixposed to control fiow of e
Liguid from the liquid sourte 106 into the hestey anit 130, Far imtance, the
acxosol generating device oy inchade s single valve (ot $h0um) o contro) Bow
of the liquid in te flow passage, or 8 piomality of valves. 1o a preferred

e acrosol aring device inctodes an tnles valve 136 and a0
outtet vajve 158, The inder vatve 156 i3 aperahie © open and close an indet of the
fow passage 150, which cotrols the qpply of liguid from e Liguist axarce 106

4
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ixto the fiow patage 150. The outiet vatve 158 is operable to open &ad close a0
outlet end of (e flow passage 150, which controls the supply of liquid from he
flow passage 150 into & beated flow passage.
[0032) The aeroso) generating device 100 preferably fochides a metering
chamber 162 located i the Aow passage 150 between (e inlet valve 156 and (ke
autlet valve 138, The metrring chamber 162 is prefersbly sized to corain &
predetermined votume of the liquid. For example, the metering chambet can be
sized to copnain s volume of the liquid thes comrespands to cue dose of the

fized A di member 164 can be ased o open the
metering chamber 162 during 8 liquid filling cycic, and to eupty the metering
«amber during a liquid delivery cycle, a3 described in grester detail below,
[0033] The heater unit 130 of ths fnid delivery assembly 110 comprises a bested
fiow passage 160. Tz flow pasnage 160 s preferably s capillary sized flow
passage, referred © bereinafter as a "capillary passage.” The capillary passage
160 forms a partion of the entire flow passage in the acrosol generating device
100. The capillary passage 160 includes 20 open inket end 166, and 20 opposite
cpen outies end 168, During opesation of the aeroso] generating device 100,
liquid i supplicd into the capiftiry passxge 160 at the inlet end 166 from the low
passage 150
{0034) The capiliary passage 160 can have diffevent transverse cross-eectiona)
shapes, fuch s round, oval, triangubar, square, othey polyg
shapes, or te like, & well a3 other con-geametric shapes. Differem portons of
the capillary passage can have different omal shapes. As
below, the size of the capillary passage 160 can be defined by its ransverse cross-
sectional ares. For 8 capillary passage 160 having & round eross-section, the size
of the flow passage may be defined Dy its diameter. Alternatively, the capiltary
passage may be pon-circular In cross section and the size of the capillary patssage

3
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368, a first scction 370, and an outht section 372, The outlet section 372 kas a
smfler crosy-sectional erea than the first section 370.  Accordingly, the outlet
section 372 incresses the velocity of the vapar to 8 higher velocity than it bay in
the first section 370 a3 the vapos moves in G direction indicated by arrow A,
[0038) Accondingly, by selecting the eross-sectional area of the ouzier section,
e exit velocity of the vapor from tie expillary passage bs cotrofied by eiter
increasing or decreasing the vapor velocity to 3 desired velocity. Consequently,
e particie size of sevosol produced from vapor by the acvosol generating device
can also be contralled, as described in greater detal betow.

{0039} The eapillary passage can bave more thxn two sections baving differens
cross-sectional sreas from each other (oot shown), i.e, more an one secdon tha
act3 23 an ontlet section rehiive to the adjacer opsirexm sectiom ey the fiuid
moves through the capillary passage. For cxample, the capillary passage can
inclde diree secrions having differem cross-sectiomat arexs from each other, o
sach embodimenn, (he erosy-sectiom) ares of the capillary passage exn decresse
or iacyease in sire from the firn section o the second section, and decrease o7
tocrexse in size from the second section to the third section, i.e., Ge exit outdes
section. Accordingly, Oe velockty of the fiuid is changed (incressed or decreased)
23 the fiuid moves fram the firss section into the second section, and then changed
again (increases or drerezsed) 3 it moves from the seoond secticn o te Gird
section.  The exit velecity of Qe vapar iy comroled by the cross-sectional ares of
Qe third section,

[00€0) 1y eapillary passages 260, 360 shown in Figures 6 and 7, the crasy-
sectiona) ares of the first section 270, 370, respectively, i corsum siong ity
fengh, and (he cross-sectiona area of the oxtbes section 272, 372, respectively, &
also comtant along i length, However, in other embodimenms, e eapillsy
pazsage exo inclode ooe or more in which e ctinnal ares iy oo
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160 may be defined by in width. For exxmple, the capiary passage cap have s
maximom width of 0.01 to 10 mm, preferably 0.05 t | mm, and more prefersbly
0.1t00.5 mm. Alternatively, the capillary passage can be defined by in
transverse cross sectiom) area, which €20 be 8 x 10 to 80 mm?, preferably 23
10* 0 8 x 10" mm?, and more prefersdly 8 x 107 02 x 10° mm?.

(0035) The capillary passage 160 comprises an outtet section, which controls the
velocity of vapor exiting the oudes end 168 of the eapillary passage, i.c, the exit
velocity of Ge vapor. As described below, the particle sive of aerosol generazed
by the acrosol generuting device 100 can be conolled by varying the exit velocity
of the vapor.

{0036] Figures 6-9 ilhwstrate several embodiments of the capillary passage 260,
360, 460, 560, respectively. Capillary passage 260 inchodes an inlet end 266, an
outles end 268, » first section 270, and &n outiet section 272. In this embodinweat,
the outlet section 272 has 8 larger cruss-sectional area than the first section 270 of
the capillary passage 260. In embodiments, the outtet section cxn bave the same
of 8 different cross-sectioml shape than other portions of the capillary passage.
For exxmple, capillary passage 260 has a round cross-section, and the outles
scctica 272 has & largey diameter then the firs section 270, Accordingly, as
tiquid travels downstream and Is vaporized in the capillary passage 260 in (e
direction from the intet end 266 to the onthes end 268 as indicated by srvow A, the
vapar moves throogh the first secticn 270 at & it velocity and then into e
cuttet section 272, In the outtet sectian 272, the velocity of tie vapor is reduced
o a lower velocity than in the first secrion 270 by the ontiet section 272 having 8
targer cross-sectional area than the fim section 270.

[0007) In ocher embodiments, the outlet sectian can have a smafler cross-
sectional area than the first section of the capiliary passage. For example, the
cxpillary passzge 360 shown in Fig. 7 inchudes an intet end 366, an actict end

%

constant atoag the ength of the scction(s). Foe exxmple, Figure 8 shows an
carmphry embodiment of the eapillary paszage 460 inctuding an outiet section
472 in which the cross-sectioml area of the capillary passagr 461 chunges
(incyeases) along its lengrh in & direction toward the cutict cod 468. When the
outles section 472 is used, the vapor velocity through the outlet section 472
decreases in the flow direction indicated by bz arrow A, In other embhodiments of
the capillary passage, the cross-sectional area of the oxtiet section cxn decrease
atong its lengrh (oot shown) to incresse the exit vetocity of the vapor.

(0041] In e capillary passage 460 shown in Figure 8, the cross-section] flow
area of the outet section 472 increases continucusly along its kegth.  Bowever,
the gutiet sectiom of capillary passages can have shapes thas provide an increasing
or decreaxing Cross-seciional area of the capillary passage atong the tength of the
outles sretion. For exzmple, s depicted in Figare 9, (e capillary passage 560
can alternatively have a stepped profile, inctnding a portion in the fir soction S70
baving a smalley cross-seetiona) ares than & portion in the coia section 572. In
this embodimem, the veloclty of the vapor in the direerion indicated by
arrow A due to e increasing cross-sectiomi ares of Ge capillary passage.
(0042} The marrrial forming the capillary passage can be any sububle materiat,

inctading memls, plastics, poly ics, glasses, or of these:
materiats, Preferably, the matorial is o beatvesistam materia) capable of
ing e and p [ © e capiliary passage,

and also resisting the repextd beating cycies milzad t generste multiple doses of
acrosols. [n eddizion, the matriad forming G cxpillary passage preferaMy is ooo-
reactive with the Giquid &z is eerosoiized.

[0043) The capiltary passages 460 end S60 shown in Figures 8 and 9 bave » ane-
pricee construetion. The expiflary passages 260 xad 360 shown o Figores 6and 7
Bave & two-pisce constroction. bn embodiments G tacinde two ar more picees,

-10-
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the picers can be joined togrther i aay suinble manes. The two or more picces
can be rexoovably or fixedly sttached to cxch other. For example, e capillary
passage €an COMprise (wo ar more pieces of wbing. 1o sach embodiments, the
size of the capillary passage defired in the cutlet section can be citber sufficiently
farge to receive anocber tube, o7 the outey diameter of the outlct section can be
sufficiently small to fit within the bore of Ge other tude. Azy suitable fastzning
material can be used 0 secure the pleces together and prefersbly pravide a fiuid
seal. For example, any suitade sdhesive can be used for this porpose. For
Jolning sections mads of meta), joining techniqurs, soch a3 weiding, soldering or
brazing can be used. For other tube materials, any suitbie joining material or
techniqoe (Bat is compazible with Ghe tube material can be used.
[0044] 1n anothex atteruative embodimen, the capillary passage cao be formed in
» polymer, glass, metal and/or ceramic ithic o7 y T
passage inchnde, but are oot limited to, atuming, zirconia, sifica, atumizam
silicare, tinania, yuristabilized zirconia, or mixmres thereof. A cxpillary passage
can be formed tn the monofithic or amultitayer body by any suitabls technique,
ing, for example, g, motding, jom, of the Yike.
[0045] In i kaving s or Y the capillary
passage inchades an outlet seetion having » cross-ecctional flow ares effective o
achicve & desired exit velocity of the vapor. For example, the structure can
inctode two separsis ithic bodtes, incloding e firt ithic body defining
» first cxpillary passage, and & second monolithic body defining a second capillary
passage in flow conmmmication with the firm capillary passage, xod sized
control the exit veloclty of (e vapor from (he second capillary passage. The
capiltary passages ia the different sectiony can bave any suitsble cross-sectional
shape,

1.

groenating device, thereby minimizing beat loss at the outlet end of the capillry
tube.

[0049] The cube forming the capillary passage can be mads extirely of sminless
steed o7 anry other suitable L ducti faly, Atiermaively, e
tube can be made of 8 jve or s jve material incarporating &
beatey cxade from an efectrically condnctive materiat, such m platinum.
Electrodes conneered 11 spaced positions alomg e length of the tobe o7 heater
define & hegted region berween the electrodes. A voltage applied between the two
electrodes peoerates bex in e bexted region of e expiflary passage based op the
resistivity of (be material(s) making up the tabe or bestey, and other parameters
such as the cross-sectional area and length of the heated region section. As the
fuid flows through the cxpiliary passage into the heared region berween the first
and second electrodes, the finid is heated and converted to a vapor. The vapor
passes from (e bexted region of the capillary passage md exiny from the oules
end. 1f e volatilized finid iy extrained in ambient air as the volatilized fluid exis
thereby forexing & aerosol. 1o a prefe e MMAD
of the droples size s 0.5 o 2.5 pm.

[0050) The cemperatare of e liquid in the capillary passage can be calenbated
tased o the measwed oy calcntared resistance of the bheating elemem.  For
example, the hexting elemem cxn be 8 portion of 8 men tbe, or alternmively 8
srip o coll of resiszace beating material. Coutrol electronics can be ated to
reguixne the temperiture of the capillary passage by monitoring (ke resistance of
e bexter,

[0051) Rextsunce control can be based on the simple principle thas the resisance
of the beaer § it temp As power is applicd © the
bexting clemeva, ity teperanure increases because of resistive benitg amd the
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(0045} The tength of the capillary passage is equal to the tota] length of the one
©r more sections tat form it o embodiments, the expillary passage cao bave 8
length from 0.3 to 10 em, #0d preferably from 1 to 4 cm. In the capillary
passages 460, 560 shown in Figures 8 and 9, respectively, the respective cutlet
sections 472, $72 are sufficicntly loog to decrease the velocity of the vaper
moving in the capillary passage from a velocity, a1 which the vapor moves in e
first section 470, S70, respectively, to the desired exit vetocity a1 which the vapor
exits the outiet end of the capillary passage.

[0047) The Ould supplisd from the liquid source 106 is beatrd in the capillary
passage o form a vapor during operation of the serosol geperating device 100. In
» prefared anbodimean shown in Figore 10, (e capillary 160 comprises metat
tubing bested by passing an eiectrical curren along & length of the capillary via 8
firss ciectrode 133 and a scoond 140. 13 described above, the
capilliry passage can bave other atteroat: ions, sch a3 » ithic ar
muttiHayer constroction, which inclode o hester such a3 a resistance heating
material poitiooed to bheat the fioid in the capillary passage. For example, the
restaance bheating mxteria) can be disposed imside of, or extericr to, the capillary

passage.

(0043) The caplllary passage 160 may comprise an tive tube
provided with the electrode 133, which is the downstream electrods, and the
electode 140, which is te up Both srep ly
made of copper or a copper-based material. 1 this embodimen, the eapillary 160
isa I peofile jon, such a3 di i copending
ad ssigned U.S. Application Serial No. 09/957,026, filed

Scptrmber 23, 2001, which iy incorporated berein by reference in ity extirety. In
the contyolied temperature profile capillary, the electrode 138 bas aa efectrical
resisunce sufficient to cause it to be heated during operation of the serosol
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actmal resisance of the beater also increases. When the power i turned off, the
of the hexter and iy
Thns, by manitoring a parametes of the hexter (e.g., voltage across the heater
using known current to cakculate resistance) and costrolling applicaticn of power,
e controd ics can maintain the beater x1 8 that ds t»
8 specified resistance target. The use of ane or more eesistive cemeonts coald aiso
e osed to memitor temperature of the beated liquid in cases where a resisunce
Dexter is not used (o bext the Liquid in the capillry passage.
[0052] The reshuanxe targe is seieciad to carrespond to 2 tenpersave tha &
sufficient to canse beat transfey © the liguid mmterial such that liquid & volitilized
and expands out the open end of the capiltary paxage. The control electronics
sctivates che benting, soch #s by applying for & dunation of time, pulsed energy to
the bextes and aftey and/or during such duration, determines the real time
resistince of the bexter, eing inpnt from the measuring device. The temperamre
of the hester can thus be asing s softy progs igned
measured resistance of the bestes. In this ambodiment, the resistance of the heater
is calcotated by measuring the voltage across  shomt resistos (oot shown) in saxies
with the heater (o hevelyy drtermine crent fiowing to the bextes) and measuring
e voltage drop across (he hegter (to thereby determine sesistance based oo the
measared voltage and current Oowing throvgh the shom resistir). To obain
continons messurement, » small amoust of carrent can be costimu{ly passed
throngh the st resistor and heates for prrposes of making the resistance
caloaition and pakes of highey current can be osod t effeet hexting of the beater
o the desired teaperEmTe.
(0053] If desired, (e bester resistance can be dertved from » measuremens of
currems passing through Qe bester, or by ather trchnigues ared t obtain Ge axme
ion. The control ics then makes decitions &3 ¢ whether oy oot to
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send sn additiona) durstion of energy based oo the difference between desired
‘resistance targes for the beater and the scmal resistance as determined by coatrol
electronics.
0054) 1n s developenental modsd, the duration of powes supplisd to the beater
was set a1 | msec. I the monitored resistance of the beater minas an adjustroent
valuz is less than the resistance target, apother duration of energy is supplied o
the heater, The adjustmert value takes into sccount f2ctors, such as, for exanmple,
beat foss of the heater when oot activatsl, e errer of (¢ mezsaring device and
the cyclic period of the comroller and switching device. To effect, becanse the
resistance of the heater varics &s a function of ity temperatore, resistance control
<an be used to schieve temperxtare control,
[00S5] In embodiments, the capillary pastage 160 can be coastructed of two or
mare picces of 32 gauge, 304 stainless steed twhing. In this embodiment, the
dowrstream electrode can be 3 3.5 mm leagth of 29 gange mbing, while the

Jectrode may have axry gy y that einimizes the resi of the
elecirode, such a3 goli (Ac) plated copper (Co) pins.
[0056) The control etectranics 120 cas costrol the temperature of the capillary
passsge 160 by mositortog the resistance of the hester used to heat the capiltary
passage 160. To illustrate operation of the serasal generating device, o targes
teoperanyre for the expillary passage 160 can be sbout 220°C for purposes of
vaporizing propyiene glyco! (PG). In this ment, the
resistance of the hexted capillary passage 160 is preferably 0.4 ohums for a targes
temperxtare of ehout 220°C. Ip ordex to achisve a resistance of 0.4 ohms, e
contro] electronics pulses power & the 138. Inan B e
control electronics 120 measures volage snd current in onder to calcalate the
resistance across a leagth of the capillary passage 160. If the coatrol electronies
Scxermines that the resultant resistance iy below the tarpet value, the control
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Tiquid cxrrier) t Bow from che liguid source 306 o the capillary passage 160 of
the hester unt 130. The finid {3 beated in the espillary passage 160 by the heater
t a sufficiently bigh temperamre to vaperize the liquid, Ambient afr is delivered
ough the air prsage 132 o 8 region 146 proximate i the outlet eod of the
capillxry passage, &t which the vapor fs admizad with the ambient air to produoe
an aerosol.

[0061) 1n i ap &ir cooree can be used with the
serosol groemtig device t provide dilution air to mix with the actosol. For
examplz, the pressurized air source €20 be & conypressed air source located within
the aeroso] gesenting device (oot shown), 8 fan/blower to flow air into the
mouthpiece, of aoy other suitable device,

[00&2) The control clectronics 120 ean perform vasious selected functions in the
atroso! generating device 100. For example, the control electronics 120 can
contyo! the temperatire profile of dhe capiliary passage 160 duriag operation of the
serosol geoerating device 100. The comrol efectranics 120 can also comtrof the
outpxt of the display 114. The display is preferably » liquid erysul disptay
(LCD). The displry can depict selects informanion perzining to the condition or
operztien of the 2evosol genersting device 100, The comrol electyonics can abso
contro the operatian of D inlet vadve 156, discharge member 164 and outiet
wvalve 158 during operation of the gerosnd generating device 100; monitor the
izitiat presyure drop caused by inhahticn and sensed by the pressure gensor §22;
2nd menitor the toodition of te battery anit 116 Gt provides electrical power to
components of the eerosol generating device.

0083} tp the embodiment shown in Figtye 4, the hatery unit 116 o be, for
example, a rechargeablr baniery, such a3 8 6 voht gicke) meta) bydride (NiMH)
banery pack inctading mtriple exlls. In this embodiment, the battesy axis
inctndey nmhipie tatterie (c.g.., Sayo HF-C1U, 600 mAb NIMH toneries) in
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iectranics turns power oa for a selected period of thme, e.g., ) millisecond. The
control electronics continues to repeat this process uatil the target resistance for
e capillary passage 160 is reached. Likewiss, if the comrol electronicy
determies that the resistance is highet than required for the temperatare of the
capillzry passage 160, the contro! electronics rns off power for a setected period
of time, ¢.g.. 1 millisecond.
[0057) In this i the contro} 120 may include any
processor capable of controlling the resistancs of the capillary passage 160 via the
ciectrodes 138 and 140, such 23 & microckip PICIGFET?, svailable fom
Microchip Technology Inc., located in Chandler, Az, which is peogrammed in
[0058) As shown in Figures 4 and 5, the pressure sensor 122 18 [n fluid

ion with the jiece 134 via e air passage 132, The air passage
132 includes the air inles 124 through which ambient sir within the bousing is
drawn into the sir passage 132 by a user inhaling oa the mouthpicee 134. Ina
P the acrosol generating device 100 is acti by suser
inhating on an outiet 144 of the mouthpicee 134. This inhatarion couses &
differenthal pressure io the xir pasage 132, which is semsed by the pressure sensor
122. The preasnre sensor 122 can be h ftive. For exxmple, the
pressure sznsor can be triggered at 8 selected threshold vatue of aiz fiow throvgh
the air passage 132, for cxampie, 2s low as about 3 Litera/min. This value equals
less than sbowt 1/10 of e typicat kman oo flow rate. A ngly. the
[00S3] Alernatively, the fluid delivery assembly 110 can be activazed by a user
magually depressing the swizch 128,
0060] The pressure sznsor 122 oz switch 128 activates the fivid delivery
assembly 110 to cause liquid 153 (e.g., tiquid medicament including » drug and
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series, which provides sufficient eoergy to cperxte the 2erosol generating device
for detivery of at Jeast 100 doses of $ p1) volumes of medicamem. The battery anit
is preferadly rechargeable via th charging jack 118. The battery unkt provides
power to componenty of the serosol generating device (e.g., the controd eleconics
120, pressure sensar 122, etx.) and the mastey an/off switch. )

[0064) The master oo/off switch controls powering p and powering down of the
acrosol generating device 100 during operation. The master on/off switch atso
activates the display 114. Inan iment, the display pr i
inchuding, for example, the oumber of doses remaining within the biquid source
1086, & failture of (e hexter uni 130, and a detected low voltage condition of e
battery unit 116. The contro! elecrronics 120 can atso incinde fanctionality vis the
processor for displaying the pumber of remaining doses, information oq patient
comptiance, lockou times and/or child safety locks.

{0065] During operation of (be acrose! device 100, a user removes the
cxp 104 1o ectivate components of the acroso] genersting device and expase the
mouthpiece 134. The cser activates switch 128, o indates an the monthpiece,
which creates 8 pressare drop in the interior of the mouthpiece. This pressare
drop s deteeted by the presyare semsor 122, which then sends a signad o s
controller inchnded in the control electronies 120, which operzies the fiuid delivery
assembly 110.

{0066) The metering chamber 162 is filled and empried by actuation of the
disciarge member 164. Closing of the discharpe member 164 with e inlet valve
156 closed and the outles valve 138 opened eoypeies liqnid in e metering chamber
162, which forces Ligid present in the flow passage 150 downstrezm of the
Detering chamber into te expilliry passage 160, The metericg chamber 162
casures gt 8 desired volnme of Bgoid in 2zrosal form is defivered by e acrosol
generaiing device 100 w G uses. The metering chamber cas bave 8 seiected dose
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wotume 0f, e.g., 3 ul. However, the metering chamber can have any desired
wvoluzoe depending upon the application of the acrosal generating device 100,
Aftey dlivery of the dexired wobume of the medicament to the capillary passage
160, the cutiet vatve 158 is closed, and the flow passage 150 is refilled with liquid
fram the liquid source 106.
[0067) During s £ill cycle of the acrosol generxting deviee 100, the metering
chamber 162 is filled with liquid from the liquid source 106, During the fill
cycle, che indet valve 156 is opened and the outizt valve 158 is closed, whils (e
discharge member 164 is opeoed to allow the liquid to 6} the metering chamber
162
(0068) Duting delivery of the liquid to the capillary passage 160, the Inlet valve
156 13 closed. As te tnlet valve 136 closes, the outlet valve 138 is opened, while
(e discharge member 164 is closed to empty the metering chamber 162 and force
Tiquid from the flow passage 150 into the beatzd expillary passage 160,
(0065] Liquid flows throagh the beatsd cxpiliary passage 160 and exits from the
oatiet section &3 2 vapar. At tbe cxit of the eapillary passage 160, ambient air
provided via he air passage 132 admizes whh vapor io form an eeroso! sach s s
condensation scrosol,
[0070] As described furtier delow, the particle size of (he acT030] €0 de
controlled by selection of the size of the outlet section of the capillary passage.
coarentrations. Preferably, the acvose! pastictes have s MMAD between about
0.8 pmand sbout 2.5 gm.  As described sbove, the acrosol generating device can
provide serosols having » controfled particie size, including acvosols sized for the
targeted delivery of drogs to the hmg. These scrosols offer » momber of
sdvantages for defivering drugs to the deep hung. For example, mouth sod throat
ioa are minimized, whils ition in the deep lung is maximized,
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{0074) Adding a solute, such as a drug, to PG can change the coodensation
process because the solirte may act a3 mockesting agent for the PG. 1f the sodzte
has a vapar pressuze similar o the PG, the solute condenses in the acroso) at the
same time that the PG condenses.
(0075) 1o xn exemplary embodimess ko which the sclute is iess volstile than PG,
the soluze oy st the condensation process ety and scrve a3 2 mucleating agent
for PG jon. In this b a difference b e
chemica) distribation of the solte and the mass disrritarion of the overall acrosol
caay occwr, This manifests itself in different MMADs for the sobute and the PG:
These are oot two scparate zrosols; rucher, one serosal is produced baving &
varying chemical composition ss a fanction of size. The MMADscanbs s
function of the sokuie concenzration.
(0076) As will e iatrd, the sevasol device is capable of
oporization and zatian of drug fo . The sercsol
geverating Cevice can provide immmediste defivery of atrosol to a gatient, thereby
oot watting hing capaciry, which may be Limited doe to the beatth of the patient,
Also, the scvosol grmenating device €20 provide consivent defivery of contolied
amounts of drug formutsation to a pagient,
Exxote}
(0077) Tess were condurtad o demonstraze ht the exit vedocity of vapor from
the capillary pasgs of the seroso) generating device is retared 6o the particle size
of ete acrosol s b formed from (e vapor. Capiltaries A, B and €, each taving
 balsy constroczion and baving cespective capillary passage ominal dixmerers
©f0.13 mm, 0.22 mm and 0.7 mm, were osed to form acvosobs. Capiltaries A,
B am € didl oot incinde an cuths seetion to change the velocity of the vapor.
[0078) Acrosh were generand from 100% propytene glyeod ming cxpiltaries
A, BandC. Figzre 1] shows the retationship berween the MMAD of the serosol

2.

10

18

20

as

10

15

20

especially when combined with a breat hosd. Moreover, when using a suitable
hydrophilic carrier, deposition may be fusther ephanced by hygroscapic growth.
{0073} The serosol geoerating device p acrosols in which 95%
of the errosol particles (eevusal dropien) are o the range berween shous 0.5 am
abou12.$ pm. The acvosol device ly b ap

chip for controlling the process. Thep ‘with suitsble sczsors,
also triggers the serosol geoerstian at any desired time during s inhatation, The
drug © be serosolized is provided with a carries. By the choice of suimble
bydrophilic carriers, the acrusel generating device can take advemage of
ygroscopic growth in the respiratary system.

(0072] Operation of the preferved sexosol gy device (o1 ing
arrosolized medicernens is as follows. Furst, s liquid carrier is delivered to (he
beated capillary passage atong with » drog. The Biquid vaporizes in the capillary
pasuage and exits &3 a vapor jet from the open end of tho capillary passage. The
vapor jet entrains and mixes with ambient air aod forms an zerosod, e.g., the
vapor cools and then candeases to form & bighly concentrated, five serosol. As
dexcrided above, epplitation of heat t vaporize the Eruid is cypically schicved by
resistive heating from passing an elecuis correm through the beater. The spphied
power is adjusted ¢o maximizs the coaversion of te fuid iato s vapos.

{0073] The acrosol genersting device can form atrosols over a range of fiuid
flow rates dependent oo the size of the capillary passage and the power svailble
t0 vaporize the liquid. A liquid that may be ssed to demonstrate scrosol
generation for drug delivery is propylene glycol (PG) cbuained as USP grade
(CAS # 57-53-6) tram Fisher Sciemific in Attaora, Ga. PG has a boiling poim of
189°C and a density of 1.036 g/mL.. Sobuz compocnds used as models for drugs
inchude wiphenytmetiane (CAS # $19-73-3) and oiry] alcohol (OA) (CAS #143-
28-2) atso svailable from Fisher Sciestific ip Atama, Ga.

20

particies snd the inverse of the exit velociry of the vapor from e capillary
passage for capillaries A, Band C. As shown, for each of the tree capillary
passage diameters, the MMAD of the arrosa] particles increased linearly with the
inverse of e exit velocity, i.e., 3 decrease in the exit velocity, These
experimenta$ results demomsirate that by controlling the exit velocity of the vapor,
the particle size of the acrnsols can be controlled.

Exsmple2

[0079) Tests were also performed to demonsrate the effect of adding an outlet
secticn to (he capiflary passage on the acrosal partide size.  Capillaries D, E and
F taving a asbutar construetion were nsed, Capillry D did not include an outiet
scction and kad 8 eapillary passage pomtinal diametzr of 0.22 mm.  Capillary E
inchaded a first section (picee) of capillasy of the sxme capillary passage dismeter
a3 apillary D, ad as outizt section in the form of s capillary tebe kaving 8 larger
capillry passage nominal dizmeter of 0.4 mm secured to the first seetion o form
a capillary passage kaving a configaration similar © that of the capillary passage
260 shown in Figere 6. Capillary F iocioded a first section baving a ooming)
capillary passage dizmetes of 0.13 n anxd an outl srxtion baving a brgey
nominal capillary passage diametes of 0.27 cxm secored to the first secdon. Table
1 shows the dixmeter of the capillary passage of the fira secticn and the outtes
section, and the ol tengrh of the expillary passage for capillaries D, E eod F.
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TABLE1
Farst Section Outier section
Cagilhsy Passage | Cupillary Passage | Capillary Length
Crpiltary Diameter Diameter (mm)

(zm) (mm)

[%-] - %
E on 04 2
F 0.15 o %

[0030) A bexter was positioned relative to the capillary passage of eapillarics D,
E and F to hext fhid introduced into the capillary passage to a sufficicnly high
temperxture © vaporize the tiaid. The liquid used was propylenz glyco)
connining various comens of oleyl alcobol. The fiquid was vaporized in
capillaries D-F to determine the relationship between the MMAD of the azratot
particles of the geoerated aerosols and the exit vedocity of the fiuid (vapor) exiting
the capillary passages.

{0031) Figures 12 and 13 show the trst results. Figure 12 iflustrates the
retatiorship between the MMAD of acrosolized propylene glycol (PG) kaving
various percenmages of olryt akoho in the propyltens glycol. As shown in Figure
12, capiltary E inciuding the bargest diameter capillary passage outlet section
prodoced te brgest MMAD for (e acrosalized liquid, while capillary D without
an cutles sestion produced the anafless MMAD. Also, for each of the capillaries
D, E snd P, the MMAD decreased significantly as the oleyt atcobol contems varied
from 0% to 10%, but did noe significantly change at higher cleyl alkcobol contents.
[0082) Figure 13 illustrates the relationship between the MMAD of serosolized
oleyl akobo) (OA) in PG and various pereentages of olcy! alcobol i the PG. As
shown in Figure 13, capillary E also produced the largest MMAD for the
aerosolized Liquid, while capiliry D produced the smallest MMAD.

B <
WO 2004027242 PCTIUSI003017729
WHAT IS CLAIMED IS: .
| Aa serosol generating device, comprising:
s liquid cource;

» flow paysage in finid conmmmicstion with the liquid source, the fiow
passage inclnding an oudet section having in outlst end; and

» bexter disposed to Bea fiquid in a beated postion of the flow passage o
produce a vapor;

the outies section is configured to change the velacity of the vapor in the
flow passage such that vapar exits the outlet end of the outlet section sz a
conwalled exit velocity snd foraes =n aeyosed.

2. The serosol gencrating device of Claim ), wherein the omtes
section of the flow passage is coafigured to (D) increase the exis velocity of the
‘vapor such thal 8 mass mean serodynamic dizmeter of serosol particies is
deereased, of (i) decrease the exit velocity of the vapor such tha the mass mesn
aerodymamic diameter of aerosed particies is increased.

3. The scruso! generating device of Chaim 1, wberein the ol
section is & mnertal setected from grocp ceasisting of menats, plasiics, polymers,
ics, ghasses, and Gereof.

4. Tbe acrusn] generating drvice of Clairm 1, wherein the outtr
section is » differem materia) tan » portion of e fow passage adjacent to the
onxthet section,

5. Tie scusol geoamting devite of Claim ), wheveds the outiey
section is joined to » portion of the fiow passage adjacer to the ovtler section.
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0083} Accordingly, (e results clexsly ¢ that by i ing &0
outtes section in e expillary passage, the particle size of the crosc] oo be
controlied. Frthey, by varying the size of the fiow passage defined by the outlet
szction, the aeTosol particte size caa be further conrolled.

Esample

[0084) A one-picce capillary G having » constans diametes and & one-picce
capiltay H having a configuration similss to the capillary pasage 560 shown in
Figure 9 were tested to further demonstrate the effecs of the ontlet section on the
particls sire of PG acrosol paticles produced using the cxpilluries. Particatarly,
cxpillary G had 3 constam expillary passage dizmeter of 0.22 mm atong its length.
Capillary H inchrded a first section having a expillary passage sominal diameter of
0.22 mm snd an outles section &t the outlet end having & capillery passage
diametey larger than 0.22 mmn. For eapillary G, the measured MMAD values for
the acroso) pantictes ranged from about 1.1 to abox 1.3 microns. Fer capillary
H, the measared MMAD valves fos the serasol particles ranged from sbout 2.2 to
2.6 microns. These tes resubs further & that by tocrporating am octlct
section in e capillary pasaage, the parnticle size of the eerosol can be controlled.
[0085] The sbove-described exemptary modes of carrying out the invention are
not intended to be limiting. h will be epparent to Gose of ordinary skill in the art
that modifications theretn c1 be made without departure from the spirit and scope
of the invention &3 sct forth in the sccompanying chxims. For instance, while s
Reated capiltary tube has been described as the pre: ion of the
capillary passage, the capillary passage can comyrise ane or more channels bn a
tarminate having s bester arrenged alnng he channel(s), muhipte capiilary mbe
srrangeroents, & passage having o hestey located inside the passage, coaxial
arrangements inchrding a0 snomlar channed for fiuid flow, o the liks,

. The acroscl generazing device of Claim 1, wherein the outer
section has a round or & noo-round crosy-sectianal shape.

7. ‘Tte scroso) generating device of Claim 1, wherein the flow passage
comprises a first sectios tpsiream from the outlet section, the first secting has (i) &
smmaller cross-6extiona) (fow area Gam 8 cross-sectional flow area of e outles
secion, or (H) a grexer cross-cectiona) flow ares tan the cron-sectionad fiow
area of the ootiet section.

8 The acrosol generating device of Claim ), wherein the Sow passage
comprises 8 sevond outlel sertion apstrexm from s outlet section.

9. The acrosol genersting device of Claim 1, wherein the outler
section bas 8 cross-sectiona) (low area which varics along # fenpid of the cuties
section.

10.  The serosol geoerailng device of Claim 9, wherein (e crony-

secrional fow grea of e outlet section varies ar ly
along the length of the outlet section.

15.  The scrosol groexating device of Claim 1, wherein the Gow pasage
is a apilliry sized Row passage.

12.  The aerosol proerating device of Claim 1, furthes comprising:
» power sapply; &
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» cantroller operable to deliver power from the powes Supply (0 the heatey
$0 23 !0 maintaip the heater at 8 range effective to vaporize the liquid
in the flow passage.

13.  Ticsrrosol generating devioe of Claim 12, fasther comprising &t
lexst ooe vatve disposed berween the liguid source and the flow passage, the
controfler deing operable to actuste the valve to open and close the flow passage to
contro] flow of te liquid from the Liqeid source to the flow passage.

14, The scrcsol genersting device of Chim 12, further comprising:

a mouthpicce (hrough which the scraso] is inbaled by a user of the aerosol
genenting device;

2 pressure scnsor;

a0 air pasmage through whith ais ks supplied into the mouthpicee; and

a valve which opens aad closes the air pacaage:

wherein the controller b operable 0 sctnate the valve within a
predetermined time period sfter the pressure sensor detrcts a pressure rop [n the
mouthpicce as e nser inhiales on the mouthpiecs to allow air to de supplied to be
supplied intn the mouthpiece.

15.  The zerosol geacrating device of Chaim 1, wherein the flow passage
comprises & metering chamber baving a predetermined valume, snd the aerosol
geaeTating devics comprises 8 discharge member operable to deliver an amount of
the ligid eqal t the predetermined volume into the heated partion of the flow
passage.

-

2. Tiemethod of Clabm 19, wherein sevosol particles of the serosol

3.  The method of Claim 19, wherein the fiow passage is 8 capillary
sized Sow passage,

24.  The method of Claim 19, further comprising maimtaining (e heater
&t & selected tenperature fange to vaparize the figuid in te beated portion of the
Dow passage.

25.  The method of Claim 19, further comprising:

supplying a predetermined vobmne of the liquid ixo the heated portion of
the fow pexsage; and

beating the predetermined vohume of the liguid t produce the vapos.

26.  The method of Claim 23, further compsising:

detecting a pressure drop in 8 mouthpiece of the sorose) genersting device
caused by 3 user inhating oo the monihpiece;

supplying G predeerrmined volume of the liguid o e heated portion of
the fow passage aftey detreting the pressore drog; and

Aeljvering the acrosol to the taer tirongh the montpricee.

27.  The method of Claim 19, comnprising producing the acrosol
conttsly.

28.  The method of Clalm 19, wherein e liquid comprises 3 drug amd »
cxrrier,
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16.  The acrosol generating device of Qlabm |, wherein the liqnid
comprises a drog xnd a carrier.

12, The 2er030} generating device of Claim 1, which is 8 hand heit
inhaler.

18.  The seroscl generating device of Claim 1, wherein the Fiquid
source, Oow passage and beates comprise a finid delivery assembly which iy
remgvably attached to the seroso) genersting device.

19, Amcthodof ing an acTosol,
(s)  supplying a liguid from a liquid source to & flow passage inchuding
an ontlet section having an outlet end;

(®)  beating liquid in 3 portion of the flow passage to produre a vapor;
(c)  changing the vebcity of the vapor in the outler sectica such thet the

vapos exits the outlet end of the outtes section &2 a controlled exit velocity; md
(@)  sdmixing the vapor with air to produce an serosol.

20.  The method of Claim 19, wrherein (c) comprises controlling the exit
velocity of the vapor from the outiet cad of the outlet section o prodoce aerasol
pasticles baving a coatrofled particle size,

21, The method of Chaim 19, comprising changing the velocity of the
vapor in the catiet sectioa to (i) increase ths exit velocity of the vapor such that a
dynamic di of aerosol particles of the acrosal is decreased,
or (i) decrease the exh vetocity of the vapor such that the mass mesn serodynamic

of acrosol particies is

<28-
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29,  The method of Claim 19, further comprising:

pertorming (a)d) using a fizst fluid delivery zssembly;

removing the first fiuid delivery suembly from the scrasol geoerating

stching a second fuid delivery assembly o the serosol generating device;
and

repeating (a)<(d) using the second fuid delivery msambly.

30, The method of Claim 29, whereip the first Buid delivery assembly
supplics 8 Grst liquid, and the second fiid defivery asscmibly supplies 8 sccond
tiquid differen from the first Liquid.

31, Tbemnhod of Cixim 29, comprising producing » frst acrosol
mmm-mmemmmm
fuid delivery assembly, 2nd producing a sccond acrasol copnaining particles
Baving s scoomd mass mean aerodyramic dizmetey different from the first may

32.  The method of Claim 29, wherein G Gt fluid delivay essembly
comprises » first oot section baving o frst oatlet end with 8 first cross-sectiona)
fiow area, and the seeoad Buid delivary sssantly comprisces a second outley
section having » seeond ociiet end with a seoond eross-sectiom) Gow area
Gifferent from (e £irst crosy-sertiomd e,

33.  The scrosol generating device of Chaim 1, whartin te Gow passage
s 3 paximom widih of from 0.05 oo to ) oon.

3
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34.  The acrosal genersting device of Claim 1, wherein the flow passage
has & lengid of from 0.5 co to 10 e,

35.  The acrosol geoenting device of Claim 1, wherein the flow passage
s capiliary sized and comprises & cpillary whe, a monolithic body, o 3
multitayer grucre.

36.  The acrosol generating device of Claim 1, wherein the flow passage
has a ane-piece coastruction.

37.  The acrosol generating device of Chaim 1, wherein the flow passage
commprises a first section attached to e outlet section.

33 Aoacrosol generating device, comprising:

» capillary sized flow passage adapted o be in fluid commmnication with a
Biquid source, the flow passage inctoding a first section upstream from an outles
section having an outlet end; and

2 beatey disposed t beat lquid in the flow passage to produce a vapor;

e outiet section baving a cross-sectional flow area that s (i) smaller than
2 cross-ezctional Bow area of the first section, or () lesger than the crasy-
sectional flow area of the first section, the outiet section changing the velocity of
the vapor in the flow passage such (hat vapor exits the outles end &1 8 comtroiled
exit velocity and forms an eerosol.

39.  The acrosol geoersting device of Claim 38, further conprising &
tiquid source in Buid commumicstion with the flow passage, wherein the flow
passage has & maximmm width of from 0.05 mm to 1 qun,

31-
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40.  The scrosel genersting device of Claim 38, wherein the flow
passage bas a length of from 0.5 cm to 10 am.

4].  Tdc scrosol genersting device of Qlaim 38, wherein the flow
passage comptiscs a capillary tube or a maltilayer strocture,

42.  The zerosol generating device of Claim 38, wherein the flow
passage has a one-piece construction.

43.  The aevosol generating device of Claim 38, whevein the onties
section iy removably of fixedly sttached to the first section.

44.  The eerosa) generating device of Claim 38, wherein tie cross-
sectional fow arca of the outlet section varies coatizuously or nod-contiuously
along a leagth of the outlet section.
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